Pertanika J. Trop. Agric. Sci. 44 (3): 673 - 684 (2021)

TROPICAL AGRICULTURAL SCIENCE

Journal homepage: http://www.pertanika.upm.edu.my/

R

An Optimised TRIzol-based Protocol for the Improvement of
RNA Extraction Yield of Tomato Stem

Anis Afifah!, Prachumporn Nounurai?, Rejeki Siti Ferniah?, Hermin Pancasakti
Kusumaningrum?®, Dyah Wulandari*’ and Anto Budiharjo***

!Department of Biology, Faculty of Science and Mathematics, Diponegoro University, JI. Prof Soedharto
SH — Semarang 50275, Indonesia

’Genome Technology Research Unit, National Centre for Genetic Engineering and Biotechnology (BIOTEC),
National Science and Technology Development Agency, 113 Thailand Science Park, Phahonyothin Road,
Khlong Luang, Pathumthani 12120, Thailand

’Biotechnology Study Program, Diponegoro University, JI. Prof Soedharto SH — Semarang 50275, Indonesia
*Molecular and Applied Microbiology Laboratory, Central Laboratory of Research and Service - Diponegoro
University, JI. Prof. Sudharto SH, Semarang 50275, Indonesia

3School of Biotechnology, Institute of Agricultural Technology, Suranaree University of Technology, Nakhon
Ratchasima 30000, Thailand

ABSTRACT

One of the most common methods for purifying RNA is using TRIzol reagent because
of its simplicity and economic feasibility. However, the drawback of this method is
frequently the low quality of extracted RNA due to contaminants from the residue of
phenol and guanidinium thiocyanate from the reagents. This study aimed to evaluate the
improvement in the quality and concentration of RNA after the optimisation treatment.
One-month-old tomato (Solanum lycopersicum) stem was used in this research. TRIzol or
acid guanidinium thiocyanate-phenol-chloroform-based method was given optimisation
treatments of the initial sample amount, twice chloroform extraction, overnight precipitation

at low temperature, and three times final

ARTICLE INFO washing with ethanol. The results showed
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no significant improvement (p > 0.05) in the
purity ratio A260/A280. At the same time,
there was a significant improvement (p <
0.05) in RNA yield and purity ratio A260/
A230. The quality of RNA was verified
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using agarose-formaldehyde electrophoresis
gel. Eight of nine samples (89%) from the
optimised group had better RNA integrity
characterised by sharp bands for 28S and 18S
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rRNA. Furthermore, a representative sample
from the optimised group was successfully
synthesised into complementary DNA by
reverse transcriptase-polymerase chain
reaction (RT-PCR) with primers of the
ubiquitin (UBI3) gene. To sum up, optimised
TRIzol-based protocol provides meaningful
insight to produce RNA with better quality
and suitability for downstream applications.

Keywords: RNA extraction, RT-PCR, Solanum

lycopersicum, TRIzol

INTRODUCTION

Tomato (Solanum lycopersicum) is an
important food crop that provides nearly
11% of daily vegetable calories consumed
per capita in 2003 (Liedl et al., 2013) and has
consistently increased in the last decades.
United States Department of Agriculture
reported tomato per capita availability
reached an average of 20.7 pounds by 2010-
2017 (Baskins et al., 2019). However, not
a part of the primary source of calories,
scientific interest in tomatoes peaked after
its development as a genome model of the
Solanaceae family, containing many other
important plant species such as potatoes and
chillies. Various molecular investigations
such as quantitative trait mapping, mutant
screening, and gene expression analysis
in tomatoes began to be carried out in the
early 20th century (Giovannoni, 2004).
One of the essential investigations is the
molecular analysis of plant response to the
environment, such as drought stress (Zhou
et al., 2019), pathogen attack, bacterial wilt

(Hyakumachi et al., 2012), and Fusarium
wilt (Ferniah et al., 2015; Jaiswal et al.,
2020). Analysis of plant responses in various
stress conditions is studied through gene
expression in plant organs, including stem
organs.

The difficulties of research in gene
expression are due to the low quality and
quantity of RNA products from stem organs.
On the other hand, plant stem is a resource
of molecular analysis underlying plant
defence as some of the most destructive
plant diseases target the vascular system,
specifically the xylem (Yadeta & Thomma,
2013). Purification of RNA from stem
organs has its challenges because of
the fibrous nature of the tissue that also
contains many secondary metabolites
such as polyphenols, polysaccharides, and
various other compounds that can affect
the final quality of RNA (Farrell Jr., 2017,
Rajakani et al., 2013). For example, Wang
et al. (2009) stated that RNA extraction
of the tomato plant from various organs
using a guanidinium thiocyanate-phenol-
chloroform-based method showed lower
RNA yield from stem than other organs such
as leaves and roots. The low yield of RNA
was presumably due to stems of tomatoes
containing high content of polysaccharides
and lignin. In addition, the stem of the
tomato plant has an average fibre length
of 980 um, which is equivalent to other
hardwood plants that range between 500
and 3000 um (Fengel & Wegener, 1984;
Uner et al., 2016).

Several studies using RNA of tomato
stem that has been successfully carried out
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for molecular analysis applications require
spin column-based extraction kits, which are
relatively expensive (Ishihara et al., 2012;
Milling et al., 2011). However, the quality
of the RNA itself is not reported. Another
standard method is using monophasic
reagent based on guanidinium thiocyanate-
phenol-chloroform, which has now been
packaged in commercial forms such as
TRIzol (Invitrogen, United States of
America), QIAzol (Qiagen, Germany), or
GENEzol (Geneaid, Taiwan). The extraction
of RNA with the TRIzol reagent has attracted
much attention from researchers because of
its universal properties and its relatively
simple use. However, the standard protocol
of this method is not always applicable to
all types of cells, especially plant samples
that have high fibre and polysaccharide
content. Our tomato stem sample has a
problem regarding the purity of A260/A280
and A260/A230 below 1.8. RNA extractions
that were carried out on several samples
such as soybean leaves, potato tubers, wheat
seeds, and various medicinal plants with
high secondary metabolites using the TRIzol
method also did not provide maximum
results (Behnam et al., 2019; Bilgin et al.,
2009; Ghawana et al., 2011; Vennapusa et
al., 2020). The low A260/A280 ratio is due
to protein contamination.

In contrast, the low A260/A230 is caused
by polysaccharides and residual phenol or
guanidinium thiocyanate contamination
from the reagent itself (Gallagher, 2017).
Modification efforts to optimise the RNA
recovery by adding polyvinylpyrrolidone
(PVP) reagents (Deepa et al., 2014) and

lithium chloride (LiCl) (Wang et al., 2009;
Vennapusa et al., 2020) were carried out, but
these approaches would add the production
costs. Another alternative towards optimising
RNA extraction that is often performed
by researchers who encounter problems
with RNA concentration and purity is
adding or changing several mechanical
steps. Repetition at the extraction stage
using chloroform and washing RNA with
ethanol increase RNA recovery both in
quantity and quality (Roy et al., 2020;
Toni et al., 2018; Vasanthaiah et al., 2008).
Therefore, this study aimed was to improve
the quantity and quality of RNA using the
TRIzol optimisation method for obtaining
high-quality RNA from tomato stem,
thus providing valuable information for
downstream assays.

METHODS
Sample Preparation

Commercial Thai tomato (Solanum
lycopersicum) seeds are grown on soil
mixture (humus, perlite, and vermiculite)
in a greenhouse with a temperature of 24°C,
regular sunlight (12 hours per day), and
watered daily in the morning or evening
depending on soil surface humidity. Tomato
stems were collected after one month,
cleaned with 70% alcohol beforehand and
flash-frozen in liquid nitrogen before being
stored in a -80°C freezer (Sanyo, Japan)
to prevent cross-contamination and RNA
degradation. The frozen stem samples
were ground thoroughly with a mortar and
pestle, previously heated at 180°C to remove
enzymes that cause RNA degradation. The
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grinding process is carried out by repeatedly
mixing liquid nitrogen to prevent the sample
from thawing.

RNA Extraction and Quality
Assessment Using Spectrophotometry

RNA was extracted from the homogenised
sample and was carried out following

RNA Extraction

\

the TRIzol original method (Invitrogen,
United States of America) based on the
manufacturer’s protocol and an optimised
method with changes in the initial sample,
i.e., 100 mg increased to 250 mg to 300 mg,
twice chloroform extraction, and three times
ethanol washing which are briefly described
in Figure 1.
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Figure 1. Workflow of RNA extraction using TRIzol reagent: Original protocol (lower part) and optimized

protocol (upper part), the key step modification indicated

in red arrow and the red square for each modification.

Modifications including the initial amount of sample, twice chloroform extraction, overnight incubation in

cold temperature, and three times ethanol wash

Optimised Method

An optimised used a 250 to 300 mg sample
per 1 mL of the TRIzol reagent. The sample

676

and reagent were put into a microtube,
homogenised until dissolved and allowed to
stand at room temperature for 10 minutes.
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Next, the mixture was centrifuged at 4°C
temperature and 12,200 % g for 10 minutes.
The solution was divided into the aqueous
phase (the supernatant) and organic phase.
The supernatant was then transferred to
a new microtube, 200 uL of chloroform
was added, homogenised by inverting the
microtube for 15 seconds, and allowed to
stand for 3 minutes before being centrifuged
at4°C and 12,200 x g for another 15 minutes
for phase separation. The supernatant was
transferred into a new microtube for the
second time and then re-extracted with 200
uL of chloroform to separate nucleic acids
with proteins and organic compounds from
the extraction reagents.

After two steps of chloroform extraction,
the aqueous phase was transferred to a new
microtube and mixed with cold isopropanol
(1:1) for precipitation. The mixture was
allowed to stand overnight at -20°C, then
centrifuged at 4°C and 12,200 x g for 10
to 15 minutes to precipitate the pellets
containing RNA. Next, the supernatant
was discarded. Next, the RNA pellets were
washed with 1 mL 75% ethanol [dissolved
with diethylpyrocarbonate (DEPC) water],
allowed to stand at room temperature, then
centrifuged at 4,600 x g for 5 minutes.
Agent, the supernatant was discarded. The
washing step was repeated up to 3 times to
maximise the washing of RNA from salt
residues and organic compound residues.

RNA pellets were dried for 20 to 30
minutes at room temperature, dissolved in
20 pL of DEPC water, and then incubated
at 55°C for 10 minutes using a heat

block (Eppendorf, Germany) to dissolve.
Concentration and purity were analysed
using the NanoDrop One Microvolume
UV-Vis Spectrophotometer (Thermo Fisher
Scientific, United States of America).

Formaldehyde Agarose Electrophoresis
Gel

An electrophoresis gel run was performed
to validate the presence of the extracted
RNA. A 1.2% agarose gel was prepared
by mixing 1.2 g of agarose, 10 mL of 10x
MOPS (3-(N-morpholino)propanesulfonic
acid) buffer (Sigma-Aldrich, United States
of America), and 90 mL of DEPC water in
Erlenmeyer flask (Pyrex®, United States of
America). The MOPS buffer composition
was adjusted according to Rio et al. (2015).
The mixture was heated in the microwave
for 1 to 2 minutes until dissolved, then
cooled for 5 minutes before adding 1.8 mL
of formaldehyde as a denaturing agent and 1
mL of ethidium bromide as a staining agent.
The mixture was poured into the casting tray
and let solidified before being immersed in
1 x MOPS buffer. RNA from each sample
was adjusted to 500 ng with DEPC water up
to 4 pL and then mixed with 4 uL. 2 x RNA
loading dye. The mixture was heated with a
heat block at 70°C for 10 minutes and then
chilled on ice before being loaded into a gel
inside the electrophoresis machine (Analytik
Jena, Germany). Electrophoresis was run
on 55 V for 1 hour. The gel was visualised
under a UV translluminator (Bio-Rad
Laboratories, United States of America).
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Reverse Transcriptase-Polymerase
Chain Reaction (RT-PCR)

Reverse transcriptase PCR was performed
to validate the presence of mRNA for gene
expression analysis. After sample quality
was measured in spectrophotometry and
electrophoresis analysis, elimination of
genomic DNA from RNA sample and
first-strand cDNA synthesis was carried
out according to manufacturer’s protocol
(Thermo Fisher Scientific, United States of
America). cDNA samples can be stored at
-20°C for long-term storage or used directly
for the polymerase chain reaction (PCR)
technique. The primers used in this study are
the ubiquitin (UBI3) gene with the sequence
5’- AGA AGA AGA CCT ACA CCAAGC
C-3’ (forward) and 5’-TCC CAA GGG
TTG TCA CAT ACA -3’ (reverse). UBI3 is
a housekeeping gene produced by all cells
in normal and stressful conditions (Levdal
& Lillo, 2009). The reverse transcriptase-
polymerase chain reaction (RT-PCR)
reaction was carried out with the following
reaction mixture: 1 pL. of cDNA template,
6 uL of nanopure water, 1 puL of enzyme
KAPA SYBR® Fast Master Mix (Sigma-
Aldrich, United States of America), and 2 puL.
of the UBI3 gene primer pair. The reaction
was carried out in 30 cycles consisting of
3 minutes of pre-denaturation (95°C), 30
seconds of denaturation (94°C), 1 minute of

Table 1

annealing (60°C), and 1 minute of extension
(72°C). The RT-PCR products were run in
1.5% agarose gel electrophoresis. The gel
was prepared by mixing 0.75 g of agarose
powder with 50 mL of 1x TBE (Tris-borate-
EDTA) buffer (Sigma-Aldrich, United
States of America) and then dissolved in
the microwave for 1 minute before pouring
it into the casting tray. Two (2) uL of DNA
ladder (Thermo Fisher Scientific, United
States of America) and cDNA samples were
inserted into each well. Electrophoresis
was run on 100 V for 40 minutes. The gel
was then visualized using GelDoc UV
transluminator (Bio-Rad Laboratories,
United States of America).

RESULTS AND DISCUSSION

A pure RNA value of greater than 1.8 is
universally accepted for A260/A280 and
A260/A230 absorbance. Previously we tried
to obtain RNA from tomato stems using the
TRIzol method according to manufacturer
protocol. However, the concentration and
purity results were low. Therefore, we
tried to optimise the method by changing
mechanical steps as has been done in
previous research with various samples
(Behnam et al. 2019; Toni et al., 2018; Roy
et al., 2020; Vasanthaiah et al., 2008). The
data comparison of both yields is shown in
Table 1.

Concentration and purity of total RNA obtained from the stem of Solanum lycopersicum with standard and

optimized TRIzol protocols

Protocol RNA (pg/uL) A260/A280 A260/A230
Original/Standard 0.35+0.26 1.78 £0.18 0.9 +£0.56
Optimized 0.76 £0.5 1.88 £ 0.09 2.07 £0.37
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The use of 100 mg initial sample only
produced an average of 0.35 pg/uL and low
RNA quality by the electrophoresis analysis
(Figure 3A). The addition of an initial sample
of up to 300 mg was then used accordingly.
It resulted in a higher concentration of 0.76
ug/uL (Figure 2A) and good RNA quality
(Figure 3B). The sample to solvent ratio was
previously made by Roy et al. (2020) on the
adipose tissue sample. There is a correlation
between the RNA recovery and the initial
mass of a sample. RNA yield increased
linearly with the addition in sample weight,
meaning the increase in mass sample weight
up to 300 mg per 1 mL TRIzol (3:10)
affected the increase in RNA recovery. In
addition, changes in precipitation conditions
are also considered to affect the yield.
Farrell Jr. (2017) recommended overnight
precipitation for mature cell samples
containing high secondary metabolites
to ensure the recovery of RNA, which
also has been done by Vasanthaiah et al.
(2008) in grape tissue rich in polyphenols
and polysaccharides. Li et al. (2020)
also conducted comparisons of various
duration and temperatures of nucleic acid
precipitation. The results showed that the
highest recovery rate occurred in microRNA
(miRNA) samples (61%) and PCR products
(33%) after overnight precipitation at -20°C.

The A260/A230 purity ratio from 9
samples extracted with original protocol
which has value of 0.9 increased to 2.07
after optimization (p = 0.001 <0.05, Figure
2C). Most of the samples extracted with the
original protocol had a ratio of A260/A230
below 1.8, which indicated the presence

of contamination such as polysaccharides,
salts, and residual extraction reagents. This
problem also occurred in previous studies
using soybean leaf samples by Bilgin et
al. (2009) and wheat seed samples by
Vennapusa et al. (2020), which had A260/
A230 ratios of 0.94 and 0.51, respectively.
The results of the optimisation protocol in
this study showed a significant improvement
compared to the results of the standard
protocol, which almost entirely did not
meet the general standard A260/A230 ratio
above 1.8. Therefore optimisation steps are
highly recommended for RNA extraction
from plant samples. Farrell Jr. (2017) stated
that the repetition of chloroform extraction
in the extraction stage for the second time
could separate the remaining phenol from
the aqueous phase in an equilibrium state
after the first phase separation. A mixture
of phenol and chloroform has also been
shown to increase the yield of poly(A)*
chain ends in mRNA, which has increased
mRNA stability (Farrell Jr., 2017). For
optimisation, the repetition has also been
carried out in the final washing step, which
removed extraction reagent residues (phenol
and guanidinium thiocyanate) and most of
the salts used to catalyse the deposition of
nucleic acid molecules during precipitation.

The A260/A280 purity ratio of the
optimised group gave a value of 1.88,
slightly increased from the standard group
(1.78) but statistically non-significant (p
= 0.309 > 0.05, Figure 2B). It shows that
the optimisation performed on optimised
protocol does not have much effect in
increasing the ratio. Previous research that
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used the TRIzol method in plant samples
by Bilgin et al. (2009) and Vennapusa et al.
(2020) also produced an A260/A280 ratio
in the range of 1.88 to 1.98, meaning that
the TRIzol original protocol alone could

produce an adequate A260/A280 ratio from
plant samples rich of secondary metabolites.
However, the optimisation protocol is
suggested if the sample does not meet the
value above 1.8.
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Figure 2. Box-and-Whisker Plot of RNA yield comparison from original and optimized protocols: (A) RNA
concentration; (B) A260/A280 ratio; and (C) A260/A230 ratio (n=9)

RNA integrity was then validated
using the formaldehyde gel electrophoresis
technique with standard TAE (Tris-acetate-
EDTA)-based agarose gels (Sambrook &

Russell, 2001) with three bands of different
sizes as the indicator. Smear band and lack
of 28S and 18S RNA intensity indicate low
RNA quality from the samples extracted
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with a standard protocol (Figure 3A).
Similar results of electrophoresis band in
plant RNA extracted by TRIzol, which
has a purity of A260/A230 below 2.0, also
occurred in Dendrobium huosanense sample
(0.15-0.68) (Liu et al., 2018) and Triticum
aestivum sample (0.51) (Vennapusa et al.,
2020). In contrast, bright bands of RNA
indicate the presence of good quality RNA,
which could be seen in 8 of 9 samples from
the optimised group (Figure 3B).

Original

A

One of the samples with good
quality both from spectrophotometry and
electrophoresis (lane 2, Figure 3B) was used
for further investigation in RT-PCR using the
ubiquitin gene (UBI3) of the housekeeping
genes that are always expressed in various
conditions, including pathophysiological
stress. The result showed that RN A samples
were successfully converted into cDNA and
used to analyse the expression of the gene,
marked by a distinct 345 bp DNA band
(Figure 4).

Optimised

— 285
185

Figure 3. A 1.2% agarose electrophoresis gel of total RNA (9 samples) extracted using: (A) original TRIzol

protocol and (B) optimized TRIzol protocol

345 bp

Figure 4. RT-PCR profile from Solanum lycopersicum housekeeping gene ubiquitin (UBI3) primer using RNA

as template from optimized protocol
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CONCLUSION

This optimised TRIzol-based protocol was
proven to yield a higher quantity and quality
of extracted RNA from tomato stems. The
optimisation steps include adding the initial
sample amount up to three times, twice
chloroform extraction, overnight incubation
in low temperature (-20°C), and three times
ethanol washing. The improvement in RNA
quality was seen from the A260/A230 ratio,
which significantly increased, indicating the
treatments successfully purified RNA from
contamination of organic residues such as
salt and phenol. Improvement of the A260/
A230 ratio could improve RNA, proven by
the entire electrophoresis band of 8 from
9 RNA samples (89%) in the optimised
group. RNA with good concentration and
purity from the optimised group was used
for reverse transcriptase-polymerase chain
reaction (RT-PCR) and resulted in the
amplicon band of ubiquitin gene.
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